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ABSTRACT 

The Space  P h y s i c s  D i v i s i o n  a t  MSC has g e n e r a t e d  
p l a n s  f o r  t h e  p r o t e c t i o n  o f  a s t r o n a u t s  f rom s p a c e  r a d i a t i o n .  
O b s e r v a t i o n s  of p a r t i c l e  s t o r m s  o c c u r r i n g  on t h e  s u n  e n a b l e  
t h e  SPD t o  g i v e  s e v e r a l  hour s  warn ing  on t h e  d o s e  e x p o s u r e  
f o r  t h e  a s t r o n a u t s .  These dose  e s t i m a t e s  have  a n  u n c e r t a i n t y  
of  l e s s  t h a n  a n  o r d e r  o f  magni tude and d e c r e a s e  as p a r t i c l e  
data  become a v a i l a b l e  d u r i n g  a n  e v e n t .  Some c a l c u l a t i o n a l  
t e c h n i q u e s  may warrar,t improvement however .  

An emergency caused by man ' s  i n c r e a s i n g  t h e  p a r -  
t i c l e  f l u x e s  t r a p p e d  i n  t h e  e a r t h ' s  m a g n e t i c  f i e l d  w i t h  a 
h i g h  a l t i t u d e  n u c l e a r  d e t o n a t i o n  has a l s o  been  s t u d i e d .  
However, one e x p e c t s  t h a t  t h e  p o s s i b i l i t y  of t h e  o c c u r r e n c e  
of s u c h  a n  e v e n t  i s  small .  

I f  t h e  p r o j e c t e d  dose  a p p r o a c h e s  t h e  Maximum Oper- 
a t i o n a l  Dose,  t h e  r e l e v a n t  f a c t s  a re  s e n t  t o  t h e  f l i g h t  
s u r g e o n .  If t h i s  d o s e  exceeds  t h e  MOD and t h e  e n e r g e t i c  
p a r t i c l e s  c a u s i n g  t h e  d o s e  have been  d e t e c t e d ,  t h e  f l i g h t  
c o n t r o l l e r  may i n s t i t u t e  a m i s s i o n  m o d i f i c a t i o n  i f  one ex-  
i s t s  t h a t  c a n  r e d u c e  t h e  exposure  s i g n i f i c a n t l y .  

(NAS A-CR- 106 949) RADIATION PROJECTION FOR 
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I n t r o d u c t i o n  

The Space F h y s i c s  D i v i s i o n  ( S F L )  a t  t h e  Manned 
S p a c e c r a f t  C e n t e r  s u p p o r t s  t h e  m i s s i o n  ~ c ~ i i t r o l l e r s  of' manned 
f l i g h t s  b y  a d v i s i n g  them o f  t h e  c u r r e n t  and p r o j e c t e d  r a d i a t i o n  
s i t u a t i o n .  S i n c e  t h e  sys tems u s e d  i n  g a t h e r i n g  i n f o r m a t i o n  
have  evo lved  c o n s i d e r a b l y  s i n c e  t h e  Mercury f l i g h t s ,  I have  
r ev iewed  t h e  p l a n s  f o r  SPD s u p p o r t  f o r  f u t u r e  Apo l lo  m i s s i o n s ,  
i n  p a r t i c u l a r  t h o s e  for t h e  f i r s t  l u n a r  l a n a i n g  m i s s i o n .  

I n f o r m a t i o n  was g a t h e r e d  p r i m a r i l y  t h r o u g h  r e c e n t  
d i s c u s s i o n s  w i t h  SPD p e r s o n n e l .  T h e  p l a n s  a r e  d e s c r i b e d  i n  
R e f e r e n c e  1, and a more d e t a i l e d  d e s c r i p t i a n  i s  g i v e n  i n  Ref- 
e r e n c e  2 ,  which i s  no t  r e a d i l y  a v a i l a b l e .  Background i n f o r -  
m a t i o n  on s o l a r  f o r e c a s t i n g  i s  g i v e n  i n  Fieferenee 3 .  

The d o s e  t h a t  c a n  b e  e x p e c t e d  unde r  normal  c o n d i t i o n s  
i s  c a l c u l a t e d  b e f o r e  t h e  m i s s i o n .  S i g n i ' i c a n t  d e v i a t i o n s  from 
t h e  nominal  d o s e  can  c a u s e  undue r i s k  t o  che  crew.  The p u r p o s e  
o f  t h e  Space  Environment Console  s t a f f  i s  t o  warn m i s s i o n  con- 
t r o l l e r s  o f  dange r  i n  c a s e  t h e y  can  modil'p t h e  m i s s i o n  t o  re-  
duce  t h e  d o s e  e x p o s u r e .  The SEC i s  t h e  foc:ls o f  t h e  da t a  
h a n d l i n g  o p e r a t i o n a l l y  and w i l l  b e  t h e  f o c i i s  i n  t h i s  memorandum. 

S o u r c e s  of  Data 

The r a d i a t i o n  i n s t r u m e n t s  on board  t h e  s p a c e c r a f t  
p r o v i d e  t h e  d a t a  w i t h  h i g h e s t  p r i o r i t y .  I n  o r d e r  to e n a b l e  one  
t o  p r o j e c t  d o s e  r a t e s ,  t h e  observed  d o s e  r a t e s  are  supplemented  
by e x t e n s i v e  data d e a l i n g  w i t h  s o l a r  a c t i v i t y  and h i g h  a l t i t u d e  
n u c l e a r  b u r s t s .  The da ta  s o u r c e s  a r e  d e s c r i b e d  i n  Refe rence  1 
and 2 .  

The s p a c e c r a f t  r a d i a t i o n  d e t e c t o r s  c o n s i s t  o f  t h e  
N u c l e a r  P a r t i c l e  D e t e c t i o n  System, t h e  Van A l l e n  B e l t  Dos ime te r ,  
t h r e e  P e r s o n a l  R a d i a t i o n  Dos ime te r s ,  and a p o r t a b l e  R a d i a t i o n  
Survey  Meter. Each a s t r o n a u t  a l s o  c a r r i e s  f o u r  (4) p a s s i v e  
p a c k a g e s  which can  be  read out  a f t e r  r e t u r n  t o  e a r t h .  

Some of  t h e  c h a r a c t e r i s t i c s  o f  t h e  d e t e c t o r s  and  
t h e i r  da ta  a re  shown i n  T a b l e  1. The NPDS and VABD data  a re  
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t e l e m e t e r e d  t o  t h e  ground and a re  a v a i l a b l e  a lmos t  c o n t i n u a l l y .  
YRD and RSM d a t a  are  a v a i l a b l e  when re2d  o u t  b y  t h e  a s t r o n a u t s ,  
i iormally t w i c e  a d a y .  

MSC o p e r a t e s  S o l a r  P a r t i c l e  A le r t  Network s t a t i o n s  
a t  Houston,  Texas ;  Carnarvon,  A u s t r a l i a ;  a.1 d Canary I s l a n d s .  
Each s t a t i o n  m o n i t 3 r s  s o l a r  e m i s s i o n s  0;- i495 MHZ,  2695 MHZ, 

and 4995 MHZ r a d i o  n o i s e  and 6 5 6 2 . 7 9  Angs t ron  (Ha) o p t i c a l  
f l a r e s .  

The SPD has shown tha t  a s t r o n g  c o r r e l a t i o n  e x i s t s  
between r a d i o  n o i s e  bu:-sts, i n  t h e  r ange  measured ,  and t h e  
t o t a l  number o f  p r o t o n s  e m i t t e d  i n  a s o l a r  s to rm ( R e f e r e n c e  3 ) .  
S p e c i f i c a l l y ,  a c c e p t a b l e  r e g r e s s i o n  f i t s  o f  t he  form l o g  
( T o t a l  number o f  p r o t o n s )  = a + b l o g  (Radio  e n e r g y )  have been  
made. S i m i l a r  f i t s  have been made w i t h  pea4  r a d i o  f l u x  i n s t e a d  
o f  t o t a l  r a d i o  enei’gyr w i t h  g r ea t e r  u n c e r t a i n t y .  

The o p t i c a l  pa rame te r s  o b s e r v e d ,  p l a g e  area and 
b r i g h t n e s s ,  and f l a r e  a r e a  and d u r a t i o n ,  are  used  f o r  background 
i n f o r m a t i o n  as t h e y  improve es t imates  of  e v e n t  s i z e  o n l y  s l i g h t l y  
( R e f e r e n c e  3 ) .  

The Environriiental  S c i e n c e s  S e r v i c e s  A d m i n i s t r a t i o n  
p r o v i d e s  t h r e e  t y p e s  of s u p p o r t  to MSC.  ‘ l ’k-y o p e r a t e  Ha t e l e -  
s c o p e s  at Boulde r ,  Colorado ,  and Culgoora ,  A u s t r a l i a ,  r e p o r t i n g  
data  t o  MSC d i r e c t l y .  T h e y  o p e r a t e  t h e  S o l a r  P r o t o n  M o n i t o r i n g  
System which observe:: e f f e c t s  produced b y  . ? n e r g e t i c  p a r t i c l e s  
i n  t h e  p o l a r  r e g i o n s .  T h e y  supp ly  t h e  r e p o r t s  f rom t h e i r  Space 
D i s t u r b a n c e  F o r e c a s t  Cen te r  t o  MSC i n c l u d i n g  o p t i c a l  data 
s imilar  t o  t ha t  r e c o r d e d  on SPAN and some a d d i t i o n a l  a c t i v i t y  
a n a l y s i s .  

The U n i t e s  S ta tes  A i r  F o r c e ’ s  A;:- Weather S e r v i c e  
p r o v i d e s  r e p o r t s  of s o l a r  c o n d i t i o n s  and f o r e c a s t s  o f  a c t i v i t y  
s imi l a r  i n  n a t u r e  to t h e  data p r o v i d e d  k y  SDFC. The AWS a l s o  
has a g r e e d  t o  o p e r a t e  H a  t e l e s c o p e s  a t  H a w a i i  and Tehe ran ,  I r a n .  
However, i n  t h e  two years s i n c e  t h e y  recei’,-E;u t h e  t e l e s c o p e ,  
t h e y  have n o t  y e t  i n s t a l l e d  t h e  s t a t i o n  i n  iIawaii. 

The SPD has a l s o  a r r a n g e d  t o  r e c e i v e  p a r t i c l e  f l u x  
data from the Vela H o t e l  s a t e l l i t e s ,  as w e l l  as t he  P i o n e e r  7 ,  
8 ,  and 9 s p a c e c r a f t .  These data  w i l l  b e  o b t a i n e d  as r e q u i r e d  
r a the r  t h a n  on a r e g u l a r  b a s i s .  T h e y  cons i s ;  o f  p a r t i c l e  
f l u x  measurements n e a r  ear th  and a t  v a r i o u s  p o s i t i o n s  a round  
the  sun .  

The J o i n t  Atomic Energy I n t e l l i g e n c e  C e n t e r  warns 
t he  SEC s t a f f  if there  i s  a h i g h  a l t i t u d e  n u c l e a r  d e t o n a t i o n .  
The l o c a t i o n  and s i z e  of  t h e  e v e n t  s h o u l d  b e  a v a i l a b l e  f o r  SPD 
a n a l y s i s .  MSC a l s o  o p e r a t e s  two low l a t i t u d e  r i o m e t e r  s t a t i o n s  
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t o  p r o v i d e  d a t a  on augmenta t ion  o f  t h e  t r a p p e d  r a d i a t i o n  b e l t s .  
S i n c e  t h i s  sys t em d u p l i c a t e s  DOD da ta  which s h o u l d  be  a v a i l a b l e  
t h r o u g h  J A E I C ,  t h e y  may no t  be n e e d e d .  

O p e r a t i o n a l  Use of  t h e  Data 

The SEC r e c e i v e s  t h ree  s t a t u s  r e p o r t s  p e r  day  from 
e a c h  SPAN s t a t i o n .  The SDFC and SFC a l s o  send  r e g u l a r  f o r e -  
c a s t s  and s t a t u s  r e p o r t s .  

I f  a SPAN s t a t i o n  o b s e r v e s  rf n o i s e  or a n  o p t i c a l  
f l a r e  l a r g e r  t h a n  e s t a b l i s h e d  t h r e s h o l d s ,  r e p o r t s  are  s e n t  t o  
t h e  SEC by t e l e p h o n e  and t e l e t y p e .  I f  t h e  e v e n t  seems s i g n i f i -  
c a n t ,  t h e  SEC can  r e q u e s t  a pape r  t a p e  c o n t a i n i n g  t h e  r f  b u r s t  
p r o f i l e .  A c t i v i t y  r e p o r t s  f r o m  SDFC and SFC w i l l  a l s o  a d v i s e  
t h e  SEC s t a f f  of e x c e p t i o n a l  s o l a r  a c t i v i t y .  

I n  t h e  e v e n t  of a n  i m p o r t a n t  s o l a r  s t o r m ,  t h e  peak 
r a d i o  i n t e n s i t y  y i e l d s  a rough es t imate  o f  t h e  t o t a l  e v e n t  
s i z e .  I f  any dange r  seems p o s s i b l e ,  more comple te  data  from 
t h e  p a p e r  t a p e  i s  compared w i t h  t h e  e v e n t s  o f  t h e  1 9 t h  s o l a r  
c y c l e  by  means of  a r e g r e s s i o n  a n a l y s i s .  The data  a v a i l a b l e  
( r a d i o ,  o p t i c a l  and p a r t i c u l a t e )  are used  s e q u e n t i a l l y  t o  
p r e d i c t  t o t a l  e v e n t  d o s e  and the a s s o c i a t e d  s t a n d a r d  d e v i a t i o n .  
The d e t a i l s  of  t h e s e  c a l c u l a t i o n s  a r e  under  s t u d y  s i n c e  con- 
s i d e r i n g  a d d i t i o n a l  parameters does  n o t  n e c e s s a r i l y  improve 
t h e  a c c u r a c y  o f  t h e  estimates.  

The r a d i o  f r e q u e n c y  da t a  a re  a v a i l a b l e  abou t  an 
hour  a f t e r  t h e  b u r s t  and computa t ion  r e s u l t s  from t h e  A u x i l i a r y  
Computer F a c i l i t y  about  an  hour l a t e r .  By t h i s  t ime,  p a r t i c l e  
da ta  from t h e  s p a c e c r a f t  o r  one o f  t h e  r e p o r t i n g  s a t e l l i t e s  a re  
a b a i l a b l e ,  and t h e r e  i s  no s i g n i f i c a n t  f a l s e  alarm problem.  
Rough d o s e  es t imates  can  be o b t a i n e d  more q u i c k l y  w i t h  a leased 
computer  a r rangement  i f  t h e  ACF i s  t i e d  up or by means of a 
s l i d e - r u l e  sys t em.  

The o t h e r  c a u s e  for conce rn  i s  f i l l i n g  magne t i c  f i e l d  
l i n e s  s u r r o u n d i n g  E a r t h  w i t h  e n e r g e t i c  charged  p a r t i c l e s  by 
means of  a h i g h  a l t i t u d e  n u c l e a r  d e t o n a t i o n .  The i n f o r m a t i o n  
s u p p l i e d  by t h e  J A E I C  shou ld  e n a b l e  t h e  SPD t o  c a l c u l a t e  rough 
d o s e  p r o j e c t i o n s  f o r  s p e c i f i e d  m i s s i o n  p r o f i l e s .  

The c a l c u l a t i o n s  based on a l l  r e l e v a n t  a v a i l a b l e  data 
w i l l  be t r ea t ed  i n  one of two ways. If t h e  e x p e c t e d  d o s e  i s  
a s i g n i f i c a n t  f r a c t i o n  o f  t h e  dose  l i m i t s , *  t h e  SEC o p e r a t o r  

*The dose  l i m i t s  a r e  d e s c r i b e d  i n  Refe rence  4 and were 
d e r i v e d  on t h e  b a s i s  of  p r o t e c t i o n  a g a i n s t  s p e c i f i c  s h o r t - t e r m  
e f f e c t s .  
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w i l l  r e p o r t  t h e  a v a i l a b l e  f a c t s  t o  t h e  f l i g h t  s u r g e o n .  If 
n o t ,  no warning  w i l l  be g i v e n .  

I n  t h e  e v e n t  t h a t  such a warning  i s  g i v e n ,  a m i s s i o n  
m o d i f i c a t i o n  w i l l  be o r d e r e d  on ly  i f  c e r t a i n  c r i t e r i a  a re  m e t :  

1. 

2. 

3 .  

The e x p e c t e d  dose  w i l l  exceed  t h e  Maximum O p e r a t i o n a l  
Dose l i m i t .  T h i s  l i m i t  i s  p e r m i t t e d  to change w i t h  
t h e  phase  o f  t h e  m i s s i o n  s o  t h a t  t h e  c o n t r o l l e r  has 
some freedom f o r  judgement .  

The e n e r g e t i c  p a r t i c l e s  p r o d u c i n g  t h e  d o s e  must be  
obse rved  d i r e c t l y ,  p r e f e r a b l y  by  t h e  onboard i n s t r u -  
m e n t a t i o n .  

A m i s s i o n  m o d i f i c a t i o n  i s  a v a i l a b l e  which w i l l  re- 
duce  t h e  dose  exposure .  For example,  t h e  l u n a r  
s t a y ,  d u r i n g  which the re  i s  l i t t l e  s h i e l d i n g  f o r  
t h e  a s t r o n a u t s ,  may be  c u t  s h o r t  by  r e t u r n i n g  
a s t r o n a u t s  to t h e  p r o t e c t i o n  o f  t h e  command module.  

Conc lus ions  

The i n f o r m a t i o n  on space  r a d i a t i o n  a v a i l a b l e  a t  t h e  
SEC i s  as comple te  as t h e  s t a t e - o f - t h e - a r t  p e r m i t s .  

The t r e a t m e n t  of t h e  o p t i c a l  and rf SPAN p a r a m e t e r s  
b y  r e g r e s s i o n  a n a l y s i s  may r e q u i r e  f u r t h e r  r e f i n e m e n t .  I d e a l l y ,  
u s i n g  more parameters shou ld  improve t h e  answer ,  b u t  i n  p r a c t i c e  
t h i s  i s  no t  a lways t h e  c a s e .  

The o v e r a l l  sys tem i s  working v e r y  much as p l a n n e d .  
However, t h e  USAF-AWS s u p p o r t  t h a t  was e x p e c t e d  i n  r e t u r n  f o r  
two s o l a r  t e l e s c o p e s  has  no t  been f o r t h c o m i n g .  The l a c k  of  
m i s s i o n  s u p p o r t  from t h e  Hawaii Obse rva to ry  l e a v e s  a s i g n i f i c a n t  
gap  i n  t h e  SPAN cove rage  of t h e  s u n .  
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